This report describes the perioperative management of an adrenergic crisis occurring following insufflation of the peritoneum for planned laparoscopic surgery for phaechromocytoma. Despite preoperative alpha and beta adrenergic blockade, the occurrence of acute severe hypertension, mydriasis and pulmonary oedema prior to direct surgical manipulation caused the procedure to be abandoned. The severity of the event was unusual and most likely contributed to by haemorrhagic necrosis of the tumour releasing catecholamines. Serum levels of noradrenaline and adrenaline at the time were 744,600 and 166, 940 pg.ml -1 respectively. Treatment included bolus doses of esmolol, nicardipine and urapidil (an α 1 adrenergic antagonist) by constant intravenous infusion and mechanical ventilation. Postoperative cerebral CT scan was normal. An abdominal CT showed central haemorrhagic necrosis of the tumour. Two weeks later, open surgical removal of the phaeochromocytoma was successfully performed under general anaesthesia. Induction of pneumoperitoneum for laparoscopy may be particularly hazardous in a patient with a phaeochromocytoma.
Surgical removal of phaeochromocytoma is associated with a significant risk of severe hypertension due to tumour manipulation. Tachycardia and other arrhythmias may also occur in response to the elevated plasma noradrenaline and adrenaline levels 1, 2 . Laparoscopy and pneumoperitoneum cause well described haemodynamic disturbances 3 . We report a case of adrenergic crisis, manifested by hypertension, mydriasis and acute pulmonary oedema, in response to insufflation of the peritoneum for laparoscopic removal of phaeochromocytoma. The catecholamine release may have been exaggerated by acute haemorrhagic necrosis of the tumour.
CASE REPORT
A 46-year-old, 55 kg woman had a six-month history of headache, sweating and hypertension. The diagnosis of phaeochromocytoma was made by urinary catecholamine concentrations: adrenaline 153 µg.24 h -1 (normal values <18 µg.24 h -1 ), noradrenaline 306 µg.24 -1 (normal values <83 µg. 24 h -1 ), dopamine 416 µg.24 h -1 (normal values <460 µg. 24 h -1 ). Urine excretion of vanillylmandelic acid was 10.65 mg.24 h -1 (normal values: 1.7 mg.24 h -1 ). Abdominal CT Scan and a 131 l meta-iodo benzylguanidine nuclear scan confirmed a 6 cm right adrenal mass. Preoperative cardiac evaluation (chest X-ray, 24-hour electrocardiogram monitoring and echocardiography) was normal. The haematocrit was 38% and other laboratory data were within normal limits. Treatment with prazosin hydrochloride (slow release tablet) 5 mg.day -1 (α 1 adrenoceptor blocker) and celiprolol 200 mg.day -1 (cardioselective β 1 blocker with some β 2 agonist effect) for 15 days provided haemo-dynamic control, with supine blood pressure (BP) 140/80 mmHg and heart rate (HR) 67 beats. min -1 . There were no significant postural changes.
After oral premedication with midazolam 5 mg and atropine 0.5 mg, and left radial artery cannulation, baseline BP was 110/50 mmHg and HR of 60 beats.min -1 . Anaesthesia was induced with sufentanil 75 µg, propofol 160 mg and atracurium 50 mg. The patient was mask-ventilated with 100% oxygen until muscle relaxation was sufficient to allow laryngoscopy and tracheal intubation. Anaesthesia was maintained with an infusion of sufentanil 37.5 µg.h -1 and atracurium 30 mg.h -1 and with isoflurane 1% in oxygen. An infusion of nicardipine (a short-acting calcium antagonist) 2 mg.h -1 was started in anticipation of the need to control hypertension during surgical manipulation of the tumour. The lungs were ventilated mechanically with a tidal volume of 8 to 10 ml.kg -1 maintaining end-expired carbon dioxide concentration at 30 to 35 mmHg P ET CO 2 . Additional monitoring included capnography, pulse oximetry (SpO 2 ) and ECG. Blood gases and plasma catecholamine concentrations were measured repeatedly. This 30-minute preparation phase was uneventful, BP and HR remaining stable at 100/60 mmHg and 55 beats.min -1 respectively. The patient was then placed in the left lateral decubitus position at 30 to 40 degrees.
Ten minutes after a carbon dioxide pneumoperitoneum with a pressure of 9 to 10 mmHg had been instituted, but prior to surgical tumour manipulation, there was acute hypertension (280/170 mmHg) and tachycardia (160 beats.min -1 ). This was immediately controlled (BP 140/100 mmHg, HR 140 beats.min -1 ) with bolus doses of nicardipine 4 mg IV and esmolol 1 mg.kg -1 1V. Serum levels of noradrenaline and adrenaline at this time were 744,600 and 166,940 pg.ml -1 respectively. P ET CO 2 was 35 mmHg. Three more 2 mg bolus doses of nicardipine and esmolol 0.5 mg.kg -1 were necessary to maintain the BP below 140/80 mmHg and the HR rate less than 120 beats.min -1 . Then pulse oximetry showed haemoglobin oxygen desaturation (<85%) while physical examination revealed bilateral scattered rhonchi on lung auscultation and unreactive bilateral mydriasis. The co-existence of hypertension, mydriasis and acute pulmonary oedema suggested a possible diagnosis of massive intracerebral haemorrhage and the procedure was stopped. Plasma catecholamine levels are shown in Table 1 . On arrival in the postoperative care unit (PACU) with mechanical ventilation (FiO 2 80%), arterial blood gas determination showed a pH 7.3, P a CO 2 42 mmHg, P a O 2 62 mmHg and an SaO 2 of 85%. BP was 126/80 mmHg and HR 125 beats.min -1 , while CVP was 8 to 10 cm H 2 O. ECG showed sinus tachycardia without T wave changes. Chest X-ray was consistent with a diagnosis of pulmonary oedema. The patient was unreactive with complete bilateral mydriasis. A cerebral CT scan was normal. Echocardiography showed normal left ventricular function (fractional shortening: 0.38).
Resolution of the pulmonary oedema required four days of mechanical ventilation and PEEP (6 cm H 2 O). Episodes of hypertension were treated with urapidil (a new α 1 blocker) infusion 10 to 40 mg.h -1 . Mydriasis resolved on day 2 and the patient became conscious when sedation was stopped. Extubation was on day 4. Repeat echocardiography and serum creatine phosphokinase concentrations were normal. Abdominal CT scan demonstrated central haemorrhagic necrosis of the phaeochromocytoma. The patient left the ICU on day 7.
Open surgical removal of the phaeochromocytoma was scheduled for two weeks after ICU discharge and was relatively uneventful. Prazosin hydrochloride 5 mg.day -1 and celiprolol 200 mg.day -1 were con-647 HAEMORRHAGIC NECROSIS OF PHAEOCHROMOCYTOMA AND LAPAROSCOPIC SURGERY Anaesthesia and Intensive Care, Vol. 27, No. 6, December 1999 tinued and urapidil IV 250 mg.day -1 was given for 48 hours prior to surgery. Preoperative BP was maintained below 140/90 mmHg. Intraoperative hypertensive episodes (up to 180/120 mmHg) were controlled with repeated bolus doses of urapidil 25 mg IV. Pathological examination confirmed central haemorrhagic necrosis of a histologically benign phaeochromocytoma.
DISCUSSION
The problems of perioperative anaesthetic management of phaeochromocytoma are well described 2 . Our patient was prepared for surgery with oral α 1 and β 1 blockers, but this proved insufficient in the face of massive intraoperative catecholamine release. Intraoperative hypertension is best treated by an α 1 blocker or direct acting vasodilators. To control heart rate we used nicardipine and esmolol which allow rapid titration of therapy 4, 5 . Stable haemodynamics were not achieved until the postoperative introduction of urapidil, a new potent α 1 peripheral blocker 6 . Isoflurane is an appropriate volatile anaesthetic agent as it is a vasodilator with relative preservation of myocardial function and minimal potentiation of the arrhythmogenic effect of catecholamines 2 .
Although hypertensive crisis with intracerebral haemorrhage was the initial intraoperative diagnosis, gas embolism was briefly considered as the cause for poor oxygenation, but the absence of a fall in endtidal CO 2 and the other clinical features did not support this diagnosis 7 .
During tumour manipulation, plasma catecholamine levels may increase over two hundredfold 1, 8 . The consequent increase in systemic vascular resistance may be associated with left ventricular dysfunction and is best treated with vasodilators 1 . Phentolamine, a non-selective α blocker, was commonly used for this purpose but is not easy to titrate. Phentolamine causes tachycardia (due to α 2 blockade) and may be associated with tachyphylaxis and hypotension (due to its moderate duration of effect) after tumour removal. Massive catecholamine release may cause severe myocardial depression associated with myocardial ischaemia in an otherwise normal heart 9 . Transient shock and myocardial impairment, probably due to catecholamine release, has been described after abdominal injury in a patient with a phaeochromocytoma 10 . The pathogenesis of catecholamine induced temporary myocardial impairment is unclear and probably multifactorial. Increase in myocardial work and oxygen requirements may be compounded by coronary artery spasm leading to ischaemia. Changes in the permeability of the sarcolemmal membrane may lead to increased calcium influx and cellular dysfunction and possibly necrosis and catecholamines may be oxidized to toxic metabolites 11 . Prolonged myocardial dysfunction may result, perhaps a variant of the "stunned myocardium" syndrome 12 . In our case, no hypotension or collapse was noted.
Pulmonary oedema caused by phaeochromocytoma is a rare event [13] [14] [15] . In our patient, clinical and biological findings were consistent with an acute respiratory distress syndrome 16 . Neurogenic pulmonary oedema was considered a possible cause for the respiratory failure as intracranial haemorrhage was the working diagnosis at the time. The subsequent clinical course and investigations make that unlikely, although acute intracranial hypertension related to hypertensive crisis is possible 17 . The mydriasis was most probably a result of sympathetic stimulation due to the high catecholamine plasma levels. High levels of plasma catecholamines may induce pulmonary oedema, although the mechanisms for this remain unclear. Oedema may result from a catecholamineinduced transient increase in pulmonary capillary pressure, possibly due to vasoconstriction of the pulmonary venous system or transient myocardial failure. Altered capillary permeability either as a result of mechanical injury or caused directly by high catecholamine levels could explain the persistence of pulmonary oedema 14, 17, 18 .
There has been limited experience of laparoscopic removal of phaeochromocytoma 19 . The creation of a pneumoperitoneum may increase the systemic vascular resistance and lead to excessive absorption of carbon dioxide and hence sympathetic stimulation. Catecholamine release triggered by pneumoperitoneum insufflation has been previously described in patients with phaeochromocytoma 20,22 . One case report described noradrenaline concentrations increasing threefold after insufflation of the peritoneum (<10 mmHg) with severe hypertension (244/131 mmHg), possibly due to the mechanical stimulation of the tumour by intra-abdominal pressure 20 . Nicardipine may prevent haemodynamic changes both by acting as a vasodilator and by suppressing the release of catecholamines by the tumour 6, 20, 21 . In our case, plasma noradrenaline and adrenaline levels increased by 680 and 657 fold respectively compared to the preoperative values. It is likely that the haemorrhagic tumour necrosis, either secondary to the initial hypertensive reaction to pneumoperitoneum or directly related to the insufflation, accounted for the severity and duration of the HAEMORRHAGIC NECROSIS OF PHAEOCHROMOCYTOMA AND LAPAROSCOPIC SURGERY Anaesthesia and Intensive Care, Vol. 27, No. 6, December 1999 subsequent clinical course due to massive catecholamine release from the necrotic tumour.
This case highlights the potential risk associated with establishing a pneumoperitoneum in patients with phaeochromocytoma and the dramatic clinical effects of massive catecholamine release associated with tumour necrosis in phaeochromocytoma.
